SUMMARY
A fast and simple method to detect bacterial and especially mycoplasma contamination in tissue culture by means of polymerase chain reaction (PCR) amplification is described. In a first step the universal primer pairs P1/P2 (190-bp fragment) and P3/P4 (120-bp fragment) directed to different conserved parts of the prokaryotic 16S rRNA gene are used. A positive signal after amplification on cell culture DNA with these primers provides an indication of bacterial infection. Using the internal primers IP1, IP3 and IP'3 complementary to a part of the V4 and V8 variable regions of the 16S rRNA gene, in combination with a universal primer, cultures contaminated with mycoplasma could be identified. Six mycoplasma species, typical contaminants in tissue cultures, were investigated: Mycoplasma orale, Correspondence to: J.J. Cassiman, Center for Human Genetics, Campus Gasthuisberg, Herestraat 49, B-3000 Leuven, Belgium.
M. fermentans, M. arginini, M. hyorhinis, M. hominis and Aeromonas laidlawii. This mycoplasma
test is an easy, specific and sensitive assay which should be extremely useful in any tissue culture setting.
INTRODUCTION
Bacteria can be latently present in cell cultures without causing macroscopic problems. Working with those cultures often causes cross-contamination of other cultures. Mycoplasma contamination represents a serious threat to any cell culture facility and can take epidemic proportions. Because of their lack of cell wall, mycoplasmas do not cause turbidity in the growth medium and are resistant to antibiotics which inhibit cell-wall synthesis. Their small sizes allow them to pass any bacteriological filter. For all these reasons, it is nearly impossible to eliminate them from infected cultures. Mycoplasma contaminants can grow very slowly in continuous cell lines. They do not always destroy the host cell but can affect many 911 cellular properties. A fast and simple assay to monitor tissue cultures for bacterial, especially mycoplasma, contamination would therefore be very useful. The polymerase chain reaction (PCR) technique offers a possibility in order to attain this objective.
Ribosomal RNAs have been a good target for hybridization experiments because of their presence in high number (> 10000 molecules per cell), and their sequences are well known. The 16S rRNA consists of highly conserved regions, interspersed with regions of low homology [1] [2] [3] . Using the PCR technology, the variable regions V2 and V6 were amplified by Barry et al. [4] with primers directed to the conserved regions but flanking those variable domains. The primers pick up any DNA of microbiological origin and the PCR products can then be used for the identification of the bacteria. Different detection systems for a particular mycoplasma species based on PCR have been described [5] [6] [7] [8] . In only one instance [9] , however, several mycoplasmas could bc detected with one pair of primers. Species specific probes have been described which are complementary to the variable regions V3 and V6 of 16S rRNA and which can be used especially for Mycoplasma pneumoniae [10] . We elected to use in a first step universal prokaryotic primers localized into the constant regions but flanking the variable regions V4 and V8 (Fig. 1) . Common sequences for the cell culture mycoplasma strains were found within V4 and V8. They became the internal or mycoplasma primers for the second step.
We focused on the following mycoplasma species: M. orale, M. arginini, M. fermentans, M. hyorhinis, M. hommis and Acholeplasma laidlaw#.
MATERIAL AND METHODS

DNA extraction
One tissue culture flask was washed three times with sterile saline, 25 mM EDTA, pH 7.5. The cells were scraped in the last washing solution. After centrifugation the pellet was suspended in 1 ml 75 mM NaCI, 25 mM EDTA, pH 7.5. 1% SDS final concentration and 100 ixg/ml final concentration proteinase K were added. The suspension was incubated for 2 h at 56°C. Hereafter the tubes were cooled on ice and ethanol (100%) was added to 70% final concentration. The DNA string was isolated and washed two times in 70% ethanol. After precipitation of the DNA, the pellet was dissolved in 1 ml TE buffer (10 mM Tris, 0.i mM EDTA, pH 7.5). The residual proteinase K was inactivated by 5 min heating at 95°C. The DNA extracts were stored at -20°C. 1.5 txl of this extract was used for PCR.
PCR amplification
PCR amplification was performed on a Pharmacia LKB (Gene ATAQ controller) thermal cycler. For the universal primers as well as for the mycoplasma primers, 25 cycles with denaturation at 94 °C (1 rain), annealing at 60°C (1 rain) and extension at 60°C (1 rain) followed by an elongation step at 60°C (10 rain). Exception was made for the mycoplasma primer 1P'3 where an annealing temperature of 56°C was taken. The assay was performed in a 50 #1 volume with 1.25 U Taq DNA polymerase (Perkin Elmer Cetus), gelatin buffer (50 mM KC1, 10 mM Tris pH 8.3, 1.5 mM MgC12, 0.01% gelatin), 62.5 IzM dNTP and 25 pmol of each primer. In the double amplification tests, the annealing temperature of the first amplification was adjusted at 65°C. 1 tzl of the PCR product of the first reaction was used for the second amplification. 10 txl of the PCR product was separated by polyacrylamide (8%) gel electrophoresis (Midget, Pharmacia LKB) and visualised by ethidium bromide staining.
RESULTS AND DISCUSSION
Primers (5'P1 3'P2, 5'P3 3'P4), listed in Table  1 , were selected from the conserved regions of the prokaryotic 16S rRNA gene flanking the variable regions, respectively V4 and V8 (Fig. 1) . The respective fragments, 190 and 120 bp, were amplified by PCR. Because P1/P2 and P3/P4 were designed to detect any prokaryotic DNA, they were called universal primers. In preliminary tests purified DNA of E. coli, Pseudomonas aeruginosa, Aeromonas hydrophila, Staphylococcus 91 Table 1 Sequences of the universal prokaryotic primers P1, P2, P3, P4 and the mycoplasma primers IP1, IP3 and IP'3. other bacterial and eukaryotic DNA. A one step PCR amplification (P3/IP3) and reamplification experiments (P1/P4 followed by P1/IP; P1/P2 followed by P1/IP1) were done on purified mycoplasma DNA and other bacterial DNA. Not all mycoplasma sp. showed a positive signal after each amplification test with the internal primers (Fig. 3) . However, the other bacterial strains as well as human DNA remained negative. A combination of the results of the one step amplification with the reamplification appeared to be conclusive. The detection threshold for the universal as well as for the mycoplasma primers was found in the range of 4 pg, which corresponds to 100-1000 mycoplasma particles. Based on the information of these experiments with pure DNA extracts, the universal and mycoplasma primers were examined on DNA extracts from tissue cultures. The DNA extraction acts not only as a purification step but also as a concentration method of the prokaryotic DNA to increase the sensitivity of the detection system. Fifty four random cell cultures were first tested with the universal primers. Nine cultures (16.7%) seemed to contain bacterial DNA. All the cell cultures found contaminated with bacteria were 1, 14) . A specific signal was obtained for all the cultures except for K 562 (lane 7).
examined with the mycoplasma primers. Unlike the results on pure culture DNA, PCR with mycoplasma primers on cell culture DNA extracts remained negative or very weak after direct amplification and double amplification was needed. All the positive DNA extracts, except one (K 562), were then strongly positive for the P1/P4-P1/IP1 amplification (Fig. 4) . The K 562 cell culture however gave a positive response when the P1/P4 amplification was reamplified with P3/IP3. The double amplification, necessary for the mycoplasma detection with IP1 and IP3 on total DNA extracts of cell cultures, is not only time consuming but also increases the risk for aspecific amplifications. Therefore, a few changes in the base sequence of IP3 delivered a new mycoplasma primer: IP'3 (80-100% homology with cell culture mycoplasmas, Table 1 ). Amplifications with the primer pair P3/IP'3 resulted in a strong and specific response for the mycoplasma sp., except for Acholeplasma laidlawii, a minor contaminating strain, which remained negative. A direct P3/IP'3 amplification on DNA extracts of the prokaryotic contaminated cell cultures now delivered a signal on all samples. Sensitivity experiments proved that the primer pair P3/IP'3 detected 20 pg mycoplasma DNA (results not shown) which means that this direct mycoplasma detection method is less sensitive than the one with reamplification (P1/P4-P1/IP1 or P1P4-P3/IP3). For reamplification however (P1/P4-P3/IP'3), since it generated numerous aspecific bands, IP'3 cannot be used. Nevertheless, this direct mycoplasma DNA amplification can be very useful as an intermediate step during a fast screening of cell cultures for mycoplasma infections. Therefore, the following detection strategy can be proposed: in a first step, the cell cultures are screened for prokaryotic contamination. Those cultures which give a positive signal are subjected in a second step to the mycoplasma primer pair P3/IP'3. When only mycoplasma is of interest, the cell cultures can be tested immediately with the mycoplasma pair P3/IP'3. However, it is advisable to screen first for bacteria because of the sensitivity limitation of P3/IP'3. In a third step, the cultures who remain negative in this first mycoplasma test can be controlled in the more sensitive mycoplasma double amplification test (P1/P4 followed by P1/IP1 and P3/IP3).
As an independent test for this PCR based detection system, the positive as well as some negative cultures were examined for mycoplasma growth using the cultivation procedure earlier described by Polak-Vogelzang et al. [ll] . Broth and agar media according to Herdersch~e [12] and Chanock [13] were used and the obtained growth of mycoplasma was identified by indirect immunofluorescence according to Del Guidice et al. [14] . A complete correspondence was obtained: all the mycoplasma contaminated cell cultures detected with the PCR method also turned out positive in the cultivation procedure (Table 2) while the negative cultures remained negative.
Finally, treatment of contaminated cell lines with MRA (Mycoplasma Removing Agent, ICN) can now be monitored with this mycoplasma detecting assay. Up till now, two contaminated cell lines (TR-14 and Jurkat) were successfully treated with MRA. After two treatments they became both mycoplasma-free (data not shown). It is clear that these cultures will have to be controlled in the future on a regular basis before complete cure can be pronounced.
